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ANDA 74-754

Lemmon Company CQ 7
Attention: Deborah A. Jaskot WM / /ﬁ /7
650 Cathill Road

Sellersville, PA 18960 .

Dear Madam:

This is in reference to your abbreviated new drug application
dated September 21, 1995, submitted pursuant to Section 505(j) of
the Federal Food, Drug, and Cosmetic Act, for Ketorolac
Tromethamine Tablets USP, 10 mg.

Reference is also made to your amendments dated May 14, 1996 and
March 14, 1997.

We have completed the review of this abbreviated application and
have concluded that the drug is safe and effective for use as
recommended in the submitted labeling. Accordingly, the
application is approved. The Division of Bioequivalence has
determined your Ketorolac Tromethamine Tablets USP, 10 mg to be
bioequivalent and therefore, therapeutically equivalent to the
listed drug Toradol® Tablets of Syntex Laboratories. Your
dissclution testing should be incorporated into the stability and
quality control program using the same method proposed in your
application.

Under 21 CFR 314.70, certain changes in the conditions described
in this abbreviated application require an approved supplemental
application before the change may be made.

Post-marketing reporting requirements for this abbreviated
application are set forth in 21 CFR 314.80-81. The Office of
Generic Drugs should be advised of any change in the marketing
status of this drug.

We request that you submit, in duplicate, any proposed
advertising or promotional copy which you intend to use in your
initial advertising or promotional campaigns. Please submit all
proposed materials in draft or mock-up form, not final print.
Submit both copies together with a copy of the proposed or final
printed labeling to the Division of Drug Marketing, Advertising,
and Communications (HFD-240). Please do not use Form FD-2253
(Transmittal of Advertisements and Promotional Labeling for Drugs
for Human Use) for this initial submission.




We call your attention to 21
materials for any subsequent
at the time of their initial
Drug Marketing, Advertising,
completed Form FD-2253. .

—

"CFR 314.81(b) (3) which requires that

advertising or promotional campaign,
use, be submitted to our Division of
and Communications (HFD-240) with a

Sincerely yours,

Douglas L. Sporn

Y/6/77

Director
Office of Generic Drugs
Center for Drug Evaluation and Research
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Usual Dosage: One tablet every 4 to 6 hours. See
package insert for fuli prescribing information.

Store at controlled room temperature
15°-30°C (59°-86°F).

Dispense contents in a tight, light-resistant container as
defined in the USP, with a child-resistant closure (as
required).

KEEP THIS AND ALL _Smc_or._‘_ozm OUT OF THE REACH
OF CHILDREN. ,
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LEMMON COMPANY
Sellersville, PA 18960
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dispensing without prescription.

Ketorolac Tromethamine, USP
[7. " 500 TABLETS

TROMETHAMINE
Tablets, USP
Cawtien: Federal law prohibits

NDC 0093-0314-05
KETOROLAC
10 mg

Each tablet contams:

Usual Dosags: One tablet every 4 to 6 hours.
See package insert for full prescribing information.
Store at controlied room temperature

15°-30°C (59°-86°F).

i in a tight, light-resi con-
5___2 as defined in the USP, with a child-resistant
closure (as required).

KEEP THIS AND ALL MEDICATIONS OUT OF THE
REACH OF CHILDREN.
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TROMETHAMINE
Tablets, USP
Ketorotac Trometharmng, USP
Contupn: Fogural ow protabas.
A3pensing wihow prescripion
108 TLETS

KETOROLAC
10 mg

Each tatdet comtans

H

Usual Oosags: One lablet avery 4 10 6
hours. See package insen tor full pre-
scribing intormation

Store at controlled room temperature
16°-30°C (59°-86°F)

Dispense contents in a light, light-resis-
tant container as defined in the USP. with
a chld-resistant closure (a5 required).
KEEP THIS AND ALL MEDICATIONS OUT
OF THE REACH OF CHILDREN.
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over the therapeutic range A decrease n serum albumin. however, will result in Clinical Stugies
WARNING increased iree drug concentrations. The ethcacy of Iy, and orally agministereg
ine, 3 i nti- drug (NSAID), is The mean apparent volume (V, ) Of KE1Oroeac trometnamine foNGWING COMDIEtE GIStn- generar surgery (Dnhopevlll?: qvnecsiowc l:ng)m;zmomma ) ang Nm. mogers
" m . - i) ang oral ;
ndicated o the ‘“‘:".":’:"n:"'":"’.fm Managemert ::%mm Dution was 13 Mers. This was from sgie Qose  7emoval of imDacied third molarsi. The Stutles were double-bi. anees Ser)
mlnor:v eﬁmﬁic’::imul m!ll'lnn: Kﬂm'l'::'mmmimn"‘.mm NSAID data multipie-dose. parallel tnal designs, 1n patients with moderate (o severg pain at
anaigesic, and iis administration carries many risks. The resufting NSAID- . baseline. _ Keforolac IVIM was 3s follows 1M 1
related sverse svents can be serious in certain patients for whom ketorgiac s largely In the iver. The or ly. and IV 1o n
from=>hamine Is indicatod. sspacially when the rug iz exel inappropriately. metabolic l:voaucts are hyoroxylated and conjugated torms of the parent drug. The a0mumistered either directly IV or through 3 PCA (Patient-Cantrollea Anaigesia;
Iup.:in(’ the dase of ketorolac tromethamine beyond the label recommen- PrOGUcts af metabolsm. a0 Some Unchanged drug. are excreted in the urine pume
fations will et ":"‘::.f‘m","‘;“" but will result in increasing the risk of Clesrance 4nd Cxcrsbon: A singie-ose siudy with 10 Mg ketoroc tiometnamne  Short-Torm Use (wp 1o § days) Stagins: in the comparisons of intramuscular
ping serious & . R ] that the S 1S cieared y times taster 3aministration aunng the thirst nour. the onset ot analgesic action was similar for
GASTROINTESTINAL EFFECTS than the R-enanbomer. and that the clearance was moepencent of the route of admn- ketorolac tromethamine ang the narcolics. but he durahon of anaigesia was
® Ketorolac tromethamine can cause peptic uicers, gastromtestinal r51rabon  Thes means that the ratio of S/R Piasma cONCentranons decreases with bme longer with ketorotac trometnamine than with the opioig comparators meper:- }
and/or perforation. Therefore. ketofolac tromethamine is CONTRAINDICAT- e each m —— ? on ru: S, odeny et s The aine or morpmine |
ED in patients with active peptic uicer disease. in patients with recent gas- clearance of Tacemale i NOMMal SudKECTS. eiderly iNOMOuNS, a0 N hepatcaity
trointestinal bieeding or pertoration. and in patients with 2 nistory of peptic and renally wnpased pabents. 15 outkned in Table 2 In a muit-dose. postoperative (general Surgery: double-bhing trial of ketorolac
uicer disease or gastromtestinal bleeding . \romethamine-iM 30 mq versus marpmine b and 12 mg IM. each arug given on
. The halt-ife of the S was an "3s needed” basis tor up 10 5 davs. the overan anaigesic eftect of ketorotac
RENAL EFFECTS 2.5 hours (SO ¢ 0.4) compared with S hours (SO x 1.7) for the A (n other IM 30 mg was between tnat of morphine 6 and 12 mg. The
@ Ketorolac tromethamine ts CONTRAINDICATED in patients with advanced Stutees. the half-ie 1or the racemate has deen reported 10 ke withi the range of 56 majonty of patients treateo with either xetorpiac 1r or
renal imparment and i pahents at risk for renal taslure due to volume deple- hours were dosed tor up to 3 oays. a smait 0¢ Of patients recerved 5 days of
tion (see WARNINGS; . dosing
RISK OF BLEEDING for 5 days. lo healthy subjects (n=13). showed no swasg’i'\{mmus. ”:r:\ %-:u:;sﬂ In chnical settings where peraperatwe morphine was atiowed. ketorolac
L] %;‘:mga%’gﬁ:’:‘;a:n;’;"m piateiet "";"”" and is. therefore, CON- Day 1 and Day 5. Trough levels averaged 0.29 me/ml (SD 2 0.13) on Day 1 and  tromethamine-1v 30 mg. Grven OnCe Of twice as Needed. provided analpesi
bleeding, patients with hemorrhagic diathesrs. incomplele hemostasis, and 365359 meg/mL (S + 0.23) on Day 6 ~Sile was approached aner he four comparabie to morphine 4 mg IV once or twice as needed )
those at high risk of bleeding (see WARNINGS and PRECAUTIONS). There was reiativety imiteg e with 5 ¢ days of ’
® Ketorolac tromethamine is CONTRAINDICATED as prophylactic anaigesic of ketorolac has not been stuthed 1 Special popULNONS. fromethamine-1V use in controiled chnical trais. as most patients were given the
before any major surgery. and 1s CONTRAINDICATED intra-operatively when (elderly patients, renal ailura patients. of hepatxc desease pavents) &rcu?"l,:g ':avs Ot less The agverse events seen with Iv-aoministered ketoro-
hemostasis is critical because of the mcreased risk of bleeding. mine were similar to those observed with IM-adminrstered ketoro-
Ettoct of Feod: Orai a0menestraton of ketorolac Tromethamne tablets aher a high tat tac trometnamine. as would be expected based on the Simitar pharmacokinetics
l-lY:E:eer:"Slely:;'Vmc"ons ranging from 0 X meal resuited a gecreased peak and deiayed o:ne—lm wummu'ms of keworo- and bioequivalence (AUC. ciearance. plasma hait-tie) of IV and IM routes of
y) i 9 ac about 1 howr. Antacsds did not affect the extent of 3
shock. have accurred and ap oprate cou Sure muls‘} 'b’: w
available when administering the hirst dose of ketororac tromethamine-IV/ Kinstics s Spocial Pupoistions - Clinical Stugies with Concomitant Use of Opioigs: Chnical studies in postop-
(see CONTRAINDICATIONS and WARNINGS). It rs CWR""WE‘TED n Eldorty Patiests: Based on single-dose data only, the harf-iife of the ketoroiac eralive pain management have demonstraled that ketorolac tromethamine.
patients with p v dem to ketorolac tromethamene racemate ncreased trom 5 1o 7 hours in the eiderty (65-78 years) IVAM, when used in with OpIOKTS. reduced 091010 con-
. or aliergic 1o aspmn or other nonsteroidal compared with young healtfry volunteers (24-35 yaars; {see Tabie 2). There was sumption. This combination may be usetul in the subpopulation of patients
anti-inflammatory drugs (NSAIDs) fttle drfference i tha Cuy, f0f the two groups (elderly, 2.52 meg/mi ¢ 0.77; young, especially prone to opioid-related Ketorolac and
LABOR, DELIVERY, AND NURSING 2.99 meg/mi 2 1.03) tsee PRECALTIONS - tUse in the Eigerty) shoutd not be In the same syringe.
7 1 m The use of ketorolac tromethamine in labor and deievery s CONTRAINDI- 8
trect fetal DN and nhibit Ulenne Resally lmpaired Pationts: Based on single-dose data only. the mean halt-fite of In 3 postoperative swdy. where all patients recewved morphine by a PCA device.
g:;ﬁg)cgg::?se 1 may adversely aftect eta circuk keforolac tromethamne i renaly impared patients is between 6 and 19 hours, ang patients treated with ketorolac tromathamine-iV as fixed intermitient botuses
1S depencent on the extent of te impament  There is poor correlation between cre- (e.9.. 30 mg initial dose foliowed by 15 ma q3h), required signiticantly less
& The use of ketorolac tromethaming is CONTRAINDICATED i nursing moth- atiwne clearance and 1013l ketorolac tromethamne ciearance in the eiderty and popu- morphine (26%) than the placebo group. Analgesia was signilicanly superior,
ers because of the possible adverse effects of prostagianden-intibibng @hons with renal impawment (r=0.5) al vanous postdosing pain assessment imes, in the patients recewing ketorolac
drugs on neonates. , b renas the AUC= of sach by tromethamine-IV plus PCA morphine as compared o patients recewving PCA-
CONCOMITANT USE WITH MSAIDS n panents wit Orsease. = enanbomer ncreased by approxi- administered morphine alone.
® Ketorolac tromethamine 1s CONTRAINDICATED in patients currently recerv- :"‘"’V ;00';. f“’"“’“um heaknry m""‘ volume of ",‘,;'m M’f P .
ing ASA or NSAIDs because of the cumulative fisk of naucing senous lor the S-enantiomer and increases by R-enantiomer ncrease in vol ostmarketing hvvlll[anu Study: A large postmarketing observational, non-
NSAID-related side effects ume of of ketorolac Wnphes an ncrease in unbound traction. study. 9 appr 10.000 patients receiving ketorolac
. . tromethamine, demonstrated that the risk of clinically serious gastrowtestinal
15 E 5 DOSAGE AND ADMINISTRATION The AUCw-ratio gt m‘l kmorglac lronmnm mseﬂectm in maw'umasv and l(aG.IJ biegding was dose-dependent (see Table 3A a':id 3B). This was namcsnd
2R3 patients remained similas, indicating there was no excretion of either enan- rly true in elderly patients who received an averape aily dose greater than
a g 25123’?[::5 1233333":"3‘5!;:2';5{5 dicated only as continuation therapy to tiomer in patients compared to heaithy subjects {see WARNINGS--Renal Effects). mg/day of ketorolac tromethamine ({Tabie 3A). . E -
e ketoroac tromethamine-IV/IM, and the combined duration of use of ketoro- . i y . 3 " ’99
_'-6 : lac tromethamine-IV/IM and ketorolac tromethamine tablets is not to exceed a:::": s";ﬁhtlmm,"g&“ oom:'r:l 0 h:lmy vwn:rsm(wﬁﬂilt’:iﬁl TABLE 3 ! ‘
2 g $ (fve} days. because of the increased risk of serious adverse events. TIONS-Hepatic Effects). Incidence of Chisicalty Seriess G.I. Biseding as Refated to Age. Total Daily
az | The recommended total daily dose of ketarolac tromethamine tablets (maxi- W 1 Dose, and History of G.I. Perieratien, Uicer, Bleuding (PUB) sftar up to 5 Days
] mum 40 mg) is significantly lower than tor ketorolac tromethamine-IVAM | ABLE of with WAM
F {maximum 120 mq) (see DOSAGE AND ADMINISTRATION and Transition Table of Average P Param mg-n:sm
£ from ketorolac tromethamine-IV/IM to ketorolac tromethamme tablets) Followiag Oral. Ll Dases of A. Patients withew! Histery of PUB
- SPECIAL POPULATIONS 7
® Dosage should be adjusted for palienE’SOSi years ?)r :ll%e‘rl J?r .P;R.?ms under Pearmscatmenic | oy, irsmuscxiar © tntravesces Beles ¢ Age of Patients otal Daily Dose of Ketorolac Tromethamine-IV/IM
[ f h Al 10K),
?.gkgal(lms lz;")no body weigl e'lé\sr;feu sgm(;"f NI lseSe WAR?IIILG’S‘)O "‘":' " ™ ™) I ™ ] T Smy l 0 mp <60 mp >60 to 90 mg (>90 to 120 ma[ >120 mg
Doses of ketorolac tromethamne-IV/IM are not 10 exceed 60 mg (total dose | Baorvasiatunr, <65 years of age Q.4% 0.4% 0.9% [ 46%
per day) in these patients. rertent 1007,
3 8" 2% o
(- s |30 | we2s [ ae2re [ 11007 [ 2918 265 years of age 12 28% 22% l 1%
DESCRIPTION T
Ketorolac tromethamine is a membser of meT pyrrolo-pyrroie group of non- f:,;m" “ 0871072 | 1145032 | 2421068 [4554 127|247 s 051 (4654006 B. Patiants with History of PUB
steroidal anti-inflammatory drugs (NSAIDs). The chemical name for ketorolac -
romelhariune is, (s )-5-benzoyl-2.3-diydro-1H-pyrrolizme-1-carboxylic acid.  [Cestmeomi [ -1 6004 [311,08 Wi J3o9s 11768 e 200 Age of Patients Total Darly Dose of Ketoralac Tromethamine-V/IM
f&"}.’fﬁ:’.’g with 2-amino-2-(hydroxymethyi)-1,3-propanediol. The structural [sieacy state g2 d ) : <60 mg >60 10 90 mg >90 10 120 mg[ >120 mg
. Comen"(MiCG ML)
@ A\ (I?OH CHOH oy st 01210291007 047013+ [osy oz | wa Josr 02| 100s 035 S5yearsotage | 2.1% 6% 7.8% 15.2%
“HN=C~ [ -
¢ N HN ‘l: CHOH @;g::,’:‘:)m, 0595027 1084029 18820597  wa | 109503 |217.058] 265 years of age 4.7% 3% 2.8% 25%
"
e} CHZOH V,iiLig) 01751 0038 021+ 00u o,
CroMaaNz06 MW, 376.41 et tromemamee o ndicated for the short-lerm (<5 days) management of
Ketorolac tromethamine is a racemic mixture of |-JS and (s]R ketorolac % Dose metabolized = <50 o+ Dosa excresd i feces - § moderately Severe. acute pain thai requires anagesia at the opioid level, usually in
Ketorol, may exist in three Crysial forms. Al *Dose excreted i urine = 91 * Prasma rown narg - 99 a postoperatve setng  Therapy should aiways be initiated with ketorolac
forms are equally solubie in water. Ketorotac tromethamine has a pKa of 3.5 and + Derwed trom PO phaimacokmeti stuthes in 77 normal isted voi-  Teme-i0-Dask ptasma concormrason  fromethamine-IV/IM, ang ketorolac tromeihamine tablets are 1o be used only as
an n-octanol/water partition caefticient of 0.26. upteers Peak patma use of ketorolac tromethamine-

. it necessary.
@ Denved from IM pharmacokinetic studes in 54 normal votnteers IV/IM and ketoroiac tromethamene tabiets is not 1o exceed 5 days of use because of

|

Each tablet, for oral admimistration, contains 10 mg keforolac tromethamine. In # Dertved trom IV pharmacokinet Studies 1n 24 normas voutiesrs Average pratma concentrabon the potentual of increasing the trequency and severity of adverse reactions associat-
au|dit!|on‘ each tablet contains the g inactive oy *oos Noplcable vecause 80 g 1 nly recommendea s a s * Volume of Datrtnsion & mlnl gﬁﬁm doses see :#nnmssb;nsmuno%s. DOSAGE AND
celiulose. Yp ctose . . and 1ONS). ients should be switched to
stearate, microcrystalline cefiulose. polyethylene glycol, and ftamum drpxide z‘",':‘mm’ﬂ“,%"’ et alternative anaigesics as s0on as possible. but ketorolac tromethamine therapy is
CLINICAL PHARMACOLOGY o b 003670 Crm 410 T, 2 ot enceed 5 days
Pharmacodynamics TABLE 2 CONTRAINOICATIONS (see sise Dexed m#)
Ketorolac tromethamine n; a_nonsterowal 'ami-mvhmmanry orug (NSAID) The infiusacs of Ags, Liver aad Kidasy Funciion, 80 the Clearance a Kelnn‘)’lac tromethamine is C'?NYRADNDICATE 0 patients with active peptic
[ nhibits of and may be con- . . - ulcer disease. in patients with recent or X
.\smereu'1 a peripherally acting ilt\'aulo;s;c The brological actmity of ketorolac 04 Torminai Hait-Lite of Ketarsiac Tramethamiss (IM' 3nd Oral?) and in patients with a history ol peplic uicer disease of gastromiestsmal bieed-
tromethamine 1s assaciated with -form_ possess- ing.
s no sedalive or anxiolylic properties Totat Cipuraace (in LARSP Vorwiant Halt-tite [in hows) - CONTRAINDIGATED ™ advanced
Seomcn [} [ 0 patents wil
Pain rehiet was statistically diftferent after ketorolac tromethamne 0osang from Trow ot - OnAL - ORAL renal impairment. or in patients at risk 101 renat fasiure due 1o volume deple-
Ilgal "o‘; ?:‘1Cf:'%:sl'1’lezc:omur;eim;nsl lmom;&::u? " was nuan:sﬂ"'ym{ Moon tramge) | Meea (ronge) | Mase tange} | Menr irangs) tion {see WARNINGS for correctron of volume depietion).
N doses omethamne. Norma Subecrs
hour loguwu:g vzne s:;mllesl recommended doses. The peax anaigesic etfect W inesd o023 0025 53 52 @ Ketorolac tromethamine is CONTRAINDICATED in Labor and delivery becayse, hd
occurred within 2 10 3 hours and was not statisticaily signrticantly drtterent over mean age= 12 1860 through its prostaglandin synthesis intubrtory etfect, it may adversety attect
;ne recobmmendedhdosageannoe“a' kelolot'ac tromethamine. The greatest - o,,‘.,':;, o= 001-0046) ] 0013-009) | 135.92) 24-9 fetal circulation and inhibit uterine musculature, thus increasing the fisk of
erence between large and smali doses 0! ketorolac tromethammne by edher <32 60 ulerine hemorrhage.
roule was in the duration ol anaigesia Do e
. Maaty Eiderty Suteects 0019 0024 7 61 8 The use of ketorotac tromethamine is CONTRAINDICATED in nursing mothers

::m:;ﬂngamme 15 a racemic mirture of [-]S- and {+]A-enantomeric :'_’:‘:’g’;’:&n (0.013-0034) | 10010-0034) | (47-86) “3-76 mbecws:snl the possible adverse effects of prostaglandin-inhibiting drugs on
forms, with the S-torm having anaigesic activity
c . 11V, 1M, 394 Oral The . ;:'.".'.'J’oﬂ"‘m" Oystunction 0029 0033 54 45 @ Ketorolac tromethamine is CONTRAINDICATED in patients wnlll: previously

omparison of IV, IM, P ineti of o . . N B itivity to . or aliergic mani-
ketorolac tromethamine lollo-;mo Y IIM. and u;al doses of ketorolac mean ages51. range-43-64 (00130066, § 009 - ocs1: 2269 A 10 aspirin or other nonsteroidal anti-inflammatory drugs (NSAIDs).
tromethamine, are compared in Tabie 1 The extent o ility 1ollowing
administration of the oral and IM forms of ketarolac tromethamine was equal to Panents with Reral impairment ® Ketorolac tromethamine is CONTRAINDICATED as prophytactic analgesic
that following an IV bolus. ::'n?ﬂ Oral '""is o015 c0E 03 00 before any major surgery. and D? CONTRAINDICATED intra-operatively when
Linear Kinetics: Following administration of single oral. IM. or IV doses of ®ean 20e (Md1e54 cmpe3s. 7y | 005 -004%) | 0007-0052) | (59-182 (34-19 hemestasts 1s cretical because of the increased risk of bieedinp.
ketorolac tromethamine, in the recommended a0sage ranges, the clearance of —age (62157 ramges25-TO - inhibits piatetet function and is, theretore. CON-
the racemate does not change. This implies that the phar of ketoro- TRAINDICATED n patients with of
lac tromethamine in humans, following single or mutipie IM. IV, or recommeng- Rans Daorsss, P 006 16 . gic diathesis, is, and those at hgh
ed oral doses of ketorolac trometharmine. are Iinear. At the hgher recommended W 2nd O 0.5 742 003-eme | @1 _— sk of bleeding (see WARNINGS and PRECAUTIONS).
doses, there is a proportional increase in the concentrations of free and bound ean 30640 range-27 63
racemate. - :gtAorohﬁ slzlgelseamme 1S ’CONTRAINDICATED in patients currently vmuxus“

. or S because of the cumulative risks of inducing senous

Binding and Distribotion: The ketorolac tromethamine racemate has been  ; Zmaed rom 10 o a4 roouc ot s reiated aaverse events.

shown to be highly protein-bound {39%). Nevertheless, even plasma concentra- 3 Likers/Mowriiogram
tions as high as 10 mcg/mt will only occupy approximately 5% of the albumin IV AGTenesiaton in aormal secss (e37) e tatal cltacance of 30 mg 1V admmistersd ketorolac

se of ine and id is CON-

= The
binding sites. Thus, the unbound traction for each enantiomer will be constant fromethammune was 003 (0 617G 851) LWy The lermamal hait-bde was 5.6 (4 -7.9) hours. TRAINDICATED




WARNINGS (See siso Boxed WARNING)

The combined use of ketorolac tromethamine-IV/IM and ketorolac tromethamine
tablets 1s not to exceed 5 0ays. The most senous risks associated with ketorolac
tromethamne are:

° i ing and P K
in patients with p pep-

tic ulcers anﬂ/ov G.l. bleeding. Senous oaslmmleslmal toxicity, such as
bleeding. uiceration, and perforation, can occur at any fime. with or without
warning symptoms, in patients treated with ketorolac tromethamine. Studies
to date with NSAIDs have not wentified any subset of patients not at risk of
deveioping peptic uiceration and bieeding. £iderly or debilitated nallems seem

The in vitro binding of warfaria to plasma proteins is only slightly reduced by ketoro-
lac tromathamine (99.5% contro) vs 99.3%) when ketorolac piasma concentrations
reach 510 10 meg/mL. Ketorolac does nol aiter digaxin protein binding. /n vitro stud-
ies indicate that. at therapeutic concentrations of salicytate (300 mcg/mb), the bind-
ing of ketorolac was reduced from aporonmatery 99.2% 10 97.5%, repressnting a
potential two-fold increase in unbound ketorolac pasma levels. Therapeunc concern-
trations of #digoxin. wartenn, ibupreles. Ssprares, pirezicam, ,
phanytoin, and teibotamige 3 not alter ketoroiac tromethamune protes binceng

nasmwmmnnwvomm ketorotac tromethamane tabiets were CO-a0MwS-
tesed with a smple~dose of mmmla‘wwnpnﬂ»
or ketoroac

10 tolerate ulceration or dleeding less well than other and most
spontanecus reporis of fatal G events are in this population Poslmarmmq
experience with parenteratty
that there may be a greater risk o gastrointestinal uicerations. biseding md
pertoration in the eiderly.

The incidence and Severity of gastromtestinal comphications increases with

UNBETS. ESURING 1N 3 MEAN Iemptale
mwus,-n-s(ausmnumnmmh munutes (3.5-8.5
m)mutuo ARROUGh These resilts 80 not ndxcate 3 significant imteraction
between ketorotac tromethasene an0 wartarm o heparm, the administration of ketoro-
1ac tromethamane 0 pabents taiang anbcoaguiants should be done extremely cau-
DOUSHY and Danents showid be ciosely monsored (see WARNINGS and PRECAUTIONS).

increasing dose of, and duration of with. kelorolac ina
in-hospital nce study. par- VAN the deuretic response to Aurossmide in nor-
enleral ketorolac fromethamme 1o parenteral opioids. higher rates of chmcal'y movolemec healtlry subects by m’y 20% (mean sodium and urnary output
serious G.|. bleeding were seen in patents <65 years of age who receved a decreased 17%).
average total daity dose of mare than 90 mg of ketorolac tromethamine-1V/IM per
day {see CLINICAL F OLOGY- Study). C 0Of Retorotac tablets and result-
ed in decreased &etorolac and icant increases 1n ketorolac plasma

The same study showed that eiderly (265 years of age). and debilitated patients
are more susceplible (o gastrointestinal comphcabons. A mistory of peptic uicer
disease was revealed as anotner risk tactor that increases the possibility of gevel-
oping Serigus gastrointestinal complications durng ketorolac tromethamine ther-
apy (see Tables 3A and B).

impaired Renal Function: Ketorolsc iromethamiss shesid bs used with cay-
tion in patients with impaired ranai function, or & Mstory of kidney disease
because it is a polent inhibitor of prostagisndia syathesis. Renal toxicity with
ketorolac tromethamine has been seen In pabents with conditions ieading to a
reduction in blood volume and/or renal biood flow. where renal p

clearance of
leveis (total AUC increased approxsmately 3-1 n trom 5.4 to 17.8 mcg/lvmL) and ter-
minal hatt-Ide increased approxsmately 2- Oold trom 6.6 10 15.1 hours. Therefore, con-
comitant use of ketorolac is

Inhibition of renal #ithium clearance. leading 1o an ICTease N PIISMA them concen
tration, has been reporied with some pre symhes:s mhibitng drugs. The
effect of ketorolac tromethamine on plasma ithium Ras not been studied. but cases
mcreaszu lithium plasma levels during ketoroiac trometharmne theragy have
reporte

Ci i ol and

Eg

NSAIOS has been repored
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have a supportive rote in the maintenance of renal perfusion. in these patents,

administration of ketorolac tromethamine may cause a dose-dependent reduction
in renal prostaglandin 1ormation and may precipdate acute renal faiure. Pabents
at greatest risk of this reaction are those wrth impasred renal funcbon. demﬂn
tion, heart tallure, liver dystunction, those talong Gesretcs and the eiderty.
Discontinuation of ketorolac tromethamine-therapy 1s usually foklowed by recov-
ery to the pretreatment state.

Renal Effects: and s ites are

?
i

reduce the of oxicty of

effect of ltoroiac on rcmmm

lnmw Wore Rave been reports of 3 possable mieraction
Detween ketorolac VAN and mpscie

resulied i apnea mmmummmmm

ants has not been formally Studeed

pri-
marily by the kidneys, which, in patients with reduced creatinine clearance, wil
result in diminished clearance of the arug (see CLINICAL PHARMACOLOGY).
Therefore, ketorolac tromethamne should be used with caution in patients with
impaired renal function (see DOSAGE AND ADMINISTRATION) and such patients
should be followed closely. With the use of ketorotac tromethamine, there have

[¥ use of ACE M3y Increase the nsk of renal impasrment, partic-

utarty in volume Gepieted pabents

Soorac cases of seizures have been reponed dunng cORCOMINt use of ketorolac
and arogs

been reports ot acute renal fadure. nephitis, and

Because patients with renal [ risk of
developing acute renal fadure. the risks and benefits snanld ne assessed priof t0
giving ketorolac tromethamme 10 these patients. Hence. in patients with moder-
ately elevated serum creatiune. 1t 1S reeomnmmd that the daily dose of ketoro-
lac tromethamine-IV/IM be reduced by hatl to exceed 60 mg/ aE Ketorolac
tromethamine IS CONTRAINDICATED N PATIENTS WITH SERUM REATININE
CONCENTRATIONS INDICATING ADVANCED RENAL IMPAIRMENT (see CON-
TRAINDICATIONS).

Haik have been reported when ketorotac trometnamine was used in patients
taong drogs

There is no evidence. i animal or human studies. that ketorolac

® INCIDENCE 1% OR LESS

a3 2 Whole: weight gain. fever, infections. asthenia
Carsievascalar: paipitation, pailor, syncope

Dermatologic: umca

itis. rectal bleeding. sructation, anorexid. Increaseg appente
Homic and Lyunﬁc epistaxss. anemia, eosmophiiia
Nerveus $yziem: tremors. abnormal dreams, hallucinations, euphona, mupyra
midal symptoms. vertgo. nsomnia. XCESSIVE
thrst, dry mouth, abnormal thinking. mammy 10 concentrate, nyperkllles:s sluoor
Iuﬂnlllv wspnu puimonary edema. rhinitis, cough.
Special Senses: abnormai taste. abnormal vision, biurred vision, tindrtus. fheanng

Uregeaital: hematuna. protewiuna. OWQUNA. LrinAry releAtion, polyuria. mcreased

Body 83 3 Whoie: hypersensawdty reachons Such as anapfviaxis. anaphytactoid
mn“l,on laryngeal edema. tongue edema (see Doxzd WARNING. WARNINGS;,
myalgia

I:lmmh

" Lyeks oyndrome, Sievens-Jonnsan symorome. exfolate oermat
tis, mnculo~panulav rash, urtkana. o

Gastroiatestingl: peptic Gl ge. GI
WARNING. " melena, acute (see Boxes
Homic wound g blood

lnnsiusmn {see Boxed WARNING. WARNINGS, and PRE'CAUHONS) mmmnocy
topenia. leukopenia.
c: nanatms liver tailure, cholestatic aunﬂ-ce.
aseptic

Ureganitai: mne renal failure {see Boxed WARNING. WARNINGS), Hank pain with
Of without hematuria and/or azolemia. nephritis. hyponatremia. hyperkalemia,
hemoiytic uremic syndrome

in controlied Overdosage, dady doses
gmen for frve days {3 times the highest
and pepbic uicers which healed after
has been reported foliowing Wtentional
Dialysis does not signiicantty clear ketorolac tromethamine from the biood siream

DOSAGE AND ADMINISTRATION

of 360 mg of ketorolac lromemamne-lwm
dose). caused
of dosing. K

ICIGOSOS

THE COMBINED DURATION OF USE OF KETOROLAC TROMETHAMINE-IVAM AND
KETOROLAC TROMETHAMINE VABLETS IS MOT TO EXEEED FIVE 5) I’IAVS THE
USE OF KETOROLAC TROMETHAMKNE TABLETS IS ONLY umu AS CONTWN-

UATION THERAPY TO KETOROLAC TROMETHAMINE-IVAM. -
Ketorolac Tromethamine-tV/iM may be used as a single, or multipie dose. on a reg-
ular or ‘prn° scheduie for the management of moderately severe, acute pain that
requires analoeslaldatbme opinid level, nsually in a pusmneranve setting.

prior o
Pauen(s should be switched to

induces or mhidds hepabc enzymes capable of metabolizing itself or other des

of Fartility
An 18-month study in mice with oral doses of ketorolac

(see Renal Emcts}
alternative analgesics as soon as possible, but ketorolac tromethamine therapy is
not to exceed S days.

at2
(0.9 times the human systemic exposurs at the recommended IM or IV dose of 30 mi

q.i.d., based on area-inger-the-plasma-concentratios g
study in rats at 5 mg/kg/day (0.5 tmes the human AUC), showed no evidence of

Hypovoiomia should be defore with

trameathamine is initiated.

® Fluid Retention and Edema: Fiuid retention, edema, retention of NaCl, oliguria,
elevations of serum urea nitrogen and creatining have been reported in clinical tri-
als with ketorolac tromethamine. Therefore, ketorolac tromethamine should be

was not in the Ames test, unscheduled DNA

tablets are indicated ONLY as continuation therapy fo
ketorolac tromethamine-IV/IM for the management of moderately severe, acute pain

synthesis and repair, and in forward mutation assays.
not cause chromosome breakage in the m vivo mouse micronucleus assay. At

used only very cautiously in patients with cardsac
or similar conditions.

Because p play an i role in

.
and NSAIDs atfect piatelet aggregation as wetl. use of

1580 rm:u/mL and at higher
n Chinese hamster ovarian ceils.

impairment of fertitity did not occur in male or female rats at oral doses o 9 mgAg
{0.9 times the human AUC) and 16 mg/g (1.6 trmes the human AUC) of ketorolac

in patients who have coagulation disorders should be undertaken very cau-

tiously. and those patients shouid be carefully monitored. Patents on thera- Preguaacy

peutic doses of anticoagulants (e.g., heparin or ) have an cnm smoes have been performed durino organo-

increased nsk of bleeding if given con- oeness using M coses of tromethamine at 3.6 mg/g (0.37 times

currenlly, therefore, should i such mmpy in AUC) n rabbdsts and at (1 times the human AUC) in rats Resuits
studes did not reveal evidence of teratogenicity to the fetus. Oral doses of

he of

nrophylachc low-dose heparin {2500-5000 umls Qq12h). wartarin and ﬂenrans
have not been studied extensively, but may also be associated with an
increased risk of bleeding. Until data trom such studies are available. physi-
cians should caretully weigh the benefits aganst the nsks. and use sueh €oo-

comitant therapy in these patients only extremely cautiously. in pahents who
receive anticoagulants for any reasen, there is an increased risk of mtramus -

cular hematoma tormation from administered ketorolac tromethamine-IM (see
PRECAUTIONS--Drug Interactions). Patients receiving therapy that affects
hemostasis should be monitored closely.

In { and other signs of
wound bleeding have been re&oneu in assaciation with the perioperative use of
ketorolac tromethamine-IV/IM,  Therefore, perioperative use of ketorolac
tromethamine should be avoided and postoperative use be undertaken with
caution when hemostasis is critical (sse WARNINGS and PRECAUTIONS).

L] id reactions may occur in patients with-
out 3 known previous exposure or hypersensitivity 10 aspinn, ketorolac
tromethamine. or other NSAIDs, or in indviduals with a history of angioedema.
bronchospastic reactivity (e.9., as1hma). and nasal poiyps. Anaphylactos! reac-
tions, like anaphylaxis. may have a tatal outcome.

PRECAUTIONS

General

® Hepatic Effects: Ketorolac tromethamne shouid be used with caution » pabents
with impaired hepatic function. or a hestory of Mr arsaase. Treatment wn
ketorolac tromethamine may cause Iever enzymes. and M
with pre-existing Iver o¥slunmn # may lead to the development of
severe hepatic reaction. of ketorolac
discontinued in patients in whOm an abNOMal lver test has OCCWITed 25 3 result
of ketorolac tromethamme theragy

[ ] Ettects: n inhibtets platelet agpregation and
may prolong bleeding time: therefore. it is contramndecated as a pre-operative
medication ang caution should be used when hemostasis 1S crica!  Unbke
aspinn, the inhibition of piatelet function by ketorotac tromethamine drsappears

the huma
of
ketorolac tromemamu at 1.5 mg/g (0.14 times the human AUC), administered after
day 17. caused dystocia and higher pup mortality in rats. There are no ade-
ouae and wet-controfied studies of ketorolac tromethamine in pregnant women.
tromelhamme mould be 350 dunng pregnancy only if the potentiat bene-
us.

i

204 Detivery
The use of ketorolac tromethamine is contraindicated in labor and delivery becatse,
through fts prostagiandin synthesis inhibitory etfect, it may adversely affect fetal cir-
culatron and inhibit uterine musculature, thus increasing the risk of uterine hemor-
rhage (see CONTRAINDICATIONS)

Lactation and Nursing
After a single administration of 10 mg of ketorolac tromathamine tablets to humans,
the maximum milk concentrabion observed was 7.3 ng/mL and the maximum milk-to-

the possible adverse etfects of prostagiandin-inhiditing drugs on neonates, use in
nursing mothers is CONTRAINDICATED

Pedisiric Use
Safety and ethcacy in petasinc pabents (less than 16 years of age) have not been
establshed. Therstore. use of ketorpiac tromethamine in pediatric patients is not rec-

Usa in the Eiderty (255 years of age)
Because ketorotac may be cieared more siowly by the eiderly (see
CLINICAL PMRIMDOLOGY) who are also more sensitive 10 the adverse effects of
NSAIDs (see Wi Effects), extra caution and reduced dosages (see
DOSAGE ANO ADMINISTRATION) must be used when treating the elderty with ketorg-

¢ tromethammne. The ncidences and of gastrointestinal complications
ncreases with increzong dose of. and duration of treatment with, ketorolac
tromethamene

ADVERSE REACTIONS
Adverse reaction faies increase with higher doses of ketorolac tromethamine.
P should be alert for the severs complications of freatment with ketorolac

within 24 to 48 hours after the drug is
does not appear to attect piatelet count, prothvombin bme (PT) or partial theom-
boplastin »ume (PTT) In controlled cmuul studies. where Kketorolac

ly. the ol clnically biseding was 0.4% for
ketorolac tromethamune compared 1o 0.2% i the cOMrol Groups recenang nar-
cotic analgesics.

Intormation for Patients

Ketorolac tromethamine is a potent NSAID and may cause senous side effects such
as gastrointestinal bleedmg or kioney failure. which may resuit in hospitalization and
even fatal outcome.

icians. when presc ketorolac tromethamine should wiform their patients
of the polental nsks of ketorolac tromethamine treatment (see Boxed WARNING,
WARNINGS, PRECAUTIONS. and ADVERSE REACTIONS sections). Aavise paerts
not 10 give ketorolac tromethamine tabiets fo other tamily members and 10 tkscard
any unused grug. Remember that the total duration of ketorolac ther-

e.suchas G.I. bleeding and perforation, postoperative bleeding,
acute rendl lailure, unpngam anaphytactond reactions, and liver failure (see Boxed
WARNING. WARNINGS. PRECAUTI IONS and DOSAGE AND ADMINISTRATION).

NSAJI comphcations can be serious in certain patients for whom ketorolac
tromethamne i Nccated, especially when the drug is used inappropriately.

® INCIDENCE GREATER THAN 1%

I of n
patents]

Body 2s 2 Whele: edema {4%)
w

for those events reponed in 3% or more

apy is nol to exceed 5 (tive) days.

Drug Interactions
Ketorolac is highly bound to human plasma protein (mean 99.2%).

Iiml nausoa(iz%) dyspepsa (12%), wwm(lrh)
oarrhea (7%). fuiiness. vomting, SIOMatis.
Hemic and Lymphatic:

purpuna.
Nervous System: headache (17%). drowsiness (6%). dizziness (7%). sweating

n curve [AUC)). and a 24-montl tpnaall mlqmns anaigesia al the opioid level. also PRECAUTIONS-intormation for
ients
Transition rem VAM to Tablets
The etorolac tabiets dose is as follows:

© Pationts <65 vears of age:
Two (2) tablets as a hrst oral dose
, 30 oy
VM foliowed
ketorola tr

dose for patients who received 60 mg IM singie

singis de3e or 30 my muitiple dose ketorolac tromethamine-

one (1) tablet every 4 1o 6 hours, not to exceed 40 mg/24 h of
ine tablets.

Shortening the recommended dosing intervals may result in increased trequency
and savenity of adverse reactions.

The maximam combined durstion of sse (parestersl and orsi ketersisc
tromethamise) is limiled e 5 deys.
HOW SUPPLIED

Ketorolac Trometharmme Tablets USP. 10 mg are round, white, unscored, film-coal-
ed tablets dedossed "93° on one side and “314° on the other side, available in botties
of 100, 500, and 1000

Store at controlled room temperature 15°-30°C (59°-86°F).

Dispense contents in 3 tight, light-resistant container as defined in the USP, with a
chilg-resistant closure (as required).

CAUTION: Federal iaw prohibits despensing withoul prescription.

Manutactured by

LEMMION COMPANY

Sediersville, PA 18960
Printed in USA
Rev. A 496
18221
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CHEMISTRY REVIEW NO 3

ANDA 74-754

NAME AND ADDRESS OF APPLICANT
Lemmon Company

Attention: Deborah A. Jaskot
650 Cathill Road
Sellersville, PA 18960

LEGAL BASIS FOR SUBMISSION
Toradol® (Syntex) NDAs 19645 (10 mg tablets) & 19698
(injection). Patent expires 05/16/97

SUPPLEMENT (s) N/A

PROPRIETARY NAME N/A

NONPROPRIETARY NAME Ketorolac Tromethamine Tablets, USP

SUPPLEMENT (s) PROVIDE(s) FOR: N/A

AMENDMENTS AND OTHER DATES: see next page

PHARMACOLOGICAL CATEGORY 11. Rx or OTC
Nonsteroidal anti-inflammatory Rx

RELATED IND/NDA/DMF (s)

DOSAGE FORM 14 .POTENCY
Tablets 10 mg

CHEMICAL NAME AND STRUCTURE
(x)-5-Benzoyl-2,3-dihydro-1H-

pyrrolizine-l-carboxylic acid, I\ CO,K

compound with 2-amino-2- N * H,N- C (CH0H) 3
(hydroxymethyl)~1, 3-propane- o

diol (1:1)

C15H13NO3 . C4H11NO3
M.W. = 376.41 CAS ([74103-07-4]

RECORDS AND REPORTS N/A

COMMENTS Tentative approval to full approval; firm reports
no changes in the application since the tentative approval.
Therefore this review document merely summarizes previous
reviews.

CONCLUSIONS AND RECOMMENDATIONS
Recommend: APPROVAL.

REVIEWER: J. L. Smith DATE COMPLETED: 04/08/97
Endorsements: HFD-623/J.Smith/ Y yieia?
HFD-623/V.Sayeed/4-9-97 = -

{
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ANDA 74-754

Lemmon Company

Attention: Deborah A. Jaskot

650 Cathill Road SEP 30 1996
Sellersville PA 18960 ‘
IIIII"IIIlllllll“ll“llll”lll

Dear Madam:

Reference is made to your abbreviated new drug application submitted pursuant to Section 505 (j)
of the Federal Food, Drug and Cosmetic Act for Ketorolac Tromethamine Tablets USP 10 mg.

1. The Division of Bioequivalence has completed its review and has no further questions at
this time.
2. The dissolution testing should be conducted as specified in the USP 23 and should be

incorporated into your stability and quality control programs.

Please note that the bioequivalency comments expressed in this letter are preliminary. The above
bioequivalency comments may be revised after review of the entire application, upon consideration
of the chemistry, manufacturing and controls, microbiology, labeling or other scientific or regulatory
issues. A revised determination may require additional information and/or studies, or may conclude
that the proposed formulation is not approvable.

Sincerely yours,

// Reith K. Chan, PRD~_

Director, Division of Biéequivalence
Office of Genenc Drugs
Center for Drug Evaluation and Research
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Ketorolac Tromethamine Lemmon Pharmaceuticals
10 mg tablet Sellersville, PA
Reviewer: Nhan L. Tran Submission date:
ANDA 74-754 September 21, 1995.

Review Of Two Bioequivalence Studies (Fasting and Fed)
and A Dissolution Data.

. Background

General Note **NOT FOR FOI**-

Ketorolac tromethamine is a chiral (R and S forms) non-steroidal anti-inflammatory

drug (NSAID) with anti-inflammatory, antipyretic and analgesic activities. Only the S |
form is reported to have analgesic activity. Ketorolac tromethamine is more than |
99% protein bound, mostiy bound to albumin.

When given orally, the bioavailability is at least 80% and the drug does not undergo

first pass metabolism. Mean plasma Cmax is about 0.87 mcg/ml after single dose of -

10 mg, with a Tmax of about 40 minutes. Plasma terminal half-life is about 5 to 6

hours for the racemate. Ketorolac is mostly metabolized in the liver, and the

metabolic products are largely hydroxylated and conjugated forms of the parent drug.

Oral administration of ketorolac after a high fat meal results in lowering Cmax and
prolonging Tmax by about 1 hour. The extent of absorption measured by AUC, and
the half-life (T1/2) are not affected.

The drug is presently marketed by Syntex under the trade name TORADOLR, 10 mg
tablets, and also is available in injectable dosage forms (15 mg, 30 mg and 60 mg for
IM injection and 15 mg and 30 for IV Bolus injection).

Il. Product Information
The lots of test and reference products used in the comparative studies are:
Test: LEMMON's ketorolac tromethamine tablets USP, 10 mg, iot # 0293-

117, lot (batch) size: No expiry date. nor information on
theaoretical and actual yield were provided. Content uniformity: 99.2%.

Reference: SYNTEX's TORADOLR (ketorolac tromethamine) 10 mg tablets,
lot # 02541, expiry date: 2/96. Content uniformity: 98.7%.




SUMMARY OF THE RESULTS OF THE IN-VIVO BIOEQUIVALENCE STUDIES
AND DISSOLUTION TESTING DATA

l. Product Information
The lots of test and reference products used in the comparative studies are:

Test: LEMMON's ketorolac tromethamine tablets USP, 10 mg, iot # 0293-
117, lot (batch) size: Content uniformity: 99.2%.

Reference: SYNTEX's TORADOLR® (ketoroiac trcmethamine) 10 mg tablets, lot
# 02541, expiry date: 2/96. Content uniformity: 98.7%.

Il. Review of the fasting study: Protocol # B-01085.

Objective: To compare the bioavailability of a generic ketorolac tromethamine 10 mg
tablets (Lemmon Company) with that of TORADOL® 10 mg tablets by Syntex, in
healthy male volunteers under fasting conditions.

Principal Investigator:
Clinical Study Site:

Analvtical Site:

Dose: Two (2) tablets with 240 ml of water.

Number of subjects: Twenty six males (26), with NO ALTERNATES
Subject selection:

Inclusion Criteria: All males, 18 - 45 years of age, no more than + 15% from ideal
BW, with no history of cardiac, Gl diseases and no alcohol or drug abuse as shown
by a medical and physical exams were included in the study. Subjects shouid have
no prescription drugs within 14 days, no alcohol consumption for at least 24 hours
prior to drug administration, and no known allergy to ketorolac.

Exclusion criteria: Alcoholics, subjects with.Gl, renal, hepatic diseases, abnormal
laboratory measurements, etc. No OTC medications nor alcohol, xanthine containing
beverages were allowed during the study.

Approved IRB as well as informed consent were obtained from each subject prior to
entry into the study.

Subjects were housed in the iacility from at least 12 hours prior to and at
least 24 hours after the drug administration. Subjects were not permitted to smoke
from one hour prior to and until 4 hours after the drug administration. Washout
period was at least one (1) week between dose. Subjects were fasted for at least 10
hours prior to and 5 hours after the drug administration. Water was given ad lib
except within 1 hour of drug administration.

6




Sampling schedule: 10 ml blood samplie was collected at pre-dose, and at 0.17,
0.25, 0.33, 0.5, 0.67,0.83, 1, 1.25, 1.5, 2, 4, 6, 8, 10, 12, 15, 24, and 36 hours.
Plasma was separated and frozen at -20°C until assay.

Assav Methodoloav:

Pharmacokinetic and statistical analyses: AUC,, AUC,., and C.., were
calculated. ANOVA and 90% C.I. limits (two-one sided test) were used for all
important pharmacokinetic parameters.

RESULTS
1 Analytical Methodology







2. Pharmacokinetics
According to the Sponsor, all 26 subjects completed the study. Minor
adverse reactions such as emesis, diarrhea and light headache occurred in
only three subjects (subj # 3, 10 and 24) and all were on reference
formulation. No therapy was required. The Sponsor also indicated that no
significant deviation from the study protocol, except some late biood draw.
Mean plasma concentration-time profiles of all 26 subjects under test and
reference treatments are shown below:

Mean Plasma concentration, ng/ml

Time (hr) Test (%CV, N=26) Ref (%CV, N=26)
0. 0.0 0.0

0.17 89.2 (143.6%) 118.1 (147.5%)
0.25 253.1 (108.2%) 396.1 (122.2%)
0.33 622.8 (83.4%) 878.4 (77.3%)
0.50 1402.6 (48.3%) 1489.1 (43.1%)
0.67 1460.2 (41.7%) 1441.3 (27.5%)
0.83 1383.3 (37.3%) 1368.6 (24.7%)
1. 1262.0 (37.1%) 1314.8 (24.4%)
1.25 1171.9 (28.3%) 1202.9 (24.8%)
1.5 1099.7 (26.2%) 1091.9 (22.1%)
2 969.1 {15.9%) 947.9 (22.5%)
4 565.0 (26.1%) 596.4 (31.5%)
6 343.2 (28.1%) 334.9 (30.4%)
8 226.3 (37.3%) 225.0 (30.4%)
10 177.6 (33.5%) 179.9 (48.7%)
12 126.7 (37.3%) 131.8 (47.3%)
15 73.9 (39.1%) 83.3 (45.5%)
24 24.8 (77.0%) 29.5 (60.1%)
36 0.0 0.0

Mean values of important pharmacokinetic parameters are shown below:

Parameter Test (% CV) Ref (% CV)
AUC,, 6423.6 (21.1%) 6655.0 (22.1%)
AUC, 6722.4 (20.9%) 6943.5 (22.2%)
C... 1733.0 (26.6%) 1713.0 (26.7%)
T.ax (hrs) 0.98 (80.3%) 0.904 (84.9%)

Ty (hrs) 5.168 (23.3%) 5.67 (17.6%).

ANOVA was performed on all parameters and terms such as sequence,
sub(sequence), period and treatment were inciuded in the statistical model.
90% confident interval limits were estimated using two one-sided test
procedure. Results indicated that, for log transformed and untransformed
parameters, all parameters are within the current acceptable limits: AUCt
(92.3% - 102%), AUCinf (92.9% - 102%) and Cmax (90.6% - 112%).
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IV. Review of the non-fasting study: Protocol # B-01095.
Objective: To compare the bioavailability of a generic ketorolac tromethamine 10 mg
tablets (Lemmon Company) with that of TORADOL® 10 mg tablets by Syntex, in
healthy maie volunteers under fasting and fed conditions.
This will be a single dose, randomized, 3-way cross-over (test: fed and fasting, and
reference: fed) in 18 subjects.

Principal Investigator: Principal Investigator

Clinical Study Site:
Analytical Site:

Dose: Two (2) tablets with 240 mi of water. The lots of test and reference
products used in the comparative studies are identical to the ones used in the fasting
study as follows:

Test: LEMMON's ketorolac tromethamine tablets USP, 10 mg, lot # 0293-

117, lot (batch) size: No expiry date, nor information on
theoretical and actual yield were provided. Content uniformity:
99.2%.

Reference: SYNTEX's TORADOL" (ketorolac tromethamine) 10 mg tablets,
lot # 02541, expiry date: 2/96. Content uniformity: 98.7%.

Number of subjects: Eighteen males (18), with NO ALTERNATES The same
subject selection criteria was used for the fasting and non-fasting" ’
studies.

Washout was one week between treatments.

Meal and food restriction:

Fed phase: Subjects will fast for at least 10 hours prior to serving the
standard breakfast. Subjects will be instructed to eat the entire breakfast in
30 minutes and the drug will be given 35 minutes after the subjects begin the
breakfast. Breakfast composition is as follows: 1 buttered English muffin, 1
fried egg, 1 slice of American cheese, 1 slice of Canadian bacon, 1 serving of
hash brown potatoes, 180 ml of orange juice and 240 m! of whole milk.

Fasting phase: Subjects will fast for at least 10 hours prior to and 5 hours
after drug administration.

Other procedures such as analytical, sampling schedule, are identical to the
fasting study (Protocol # B-01085).

RESULTS
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1 Analyticai Methodology

2. Pharmacokinetics

Time Test (%CV, N=15)
(Hrs) (Fasting)

0. 0.0

0.17 83.85 (76.51%)
0.25 248.25 (55.41%)
0.33 615.67 (79.90%)
0.50 1236.93 (51.83%)
0.67 1493.4 (27.91%)
0.83 1581.67 (31.04%)

1. 1575.87 (23.26%)
1.25 1399.47 (22.61%)
1.5 1388.0 (26.70%)
2 1046.6 (20.49%)
4 624.0 (25.38%)

6 369.0 (29.43%)

8 221.0 (24.49%)

10 169.66 (27.44%)
12 132.13 (27.62%)
15 95.43 (46.51%)
24 36.01 (61.39%)
36 0.0

11

Test (%CV, N=15)

(Fed)

0.0

18.01 (124.55%)
54.48 (85.45%)
100.59 (81.29%)
279.93 (86.72%)
423.86 (79.71%)
512.84 (66.83%)
649.55 (62.29%)
697.33 (50.98%)
816.73 (55.45%)
809.4 (33.32%)
661.73 (31.07%)
412.2 (36.18%)
265.09 (41.2%)
193.26 (43.54%)
153.62 (51.97%)
100.69 (563.30%)
27.93 (80.22%)
1.65 (387.30%)

Since identical assay methodology was used for both fasting and non-fasting
studies, no further assay validation data was submitted. No further
information is needed on assay validation for this non-fasting study.

According to the Sponsor, of 18 subjects enrolled in the non-fasting study, 15
subjects completed the study. The firm reported the following drop-outs:
subject #5 dropped prior to period 3 due to family situation, and 15 dropped
prior to period 2 for personal reasons. The total number of subjects
completing the study was 16. After the assay, the firm noticed that no valid

data can be obtained from subject #9 due to problem with interferences in the
chromatograms. Thus total number of subjects whose data were used for
bioequivalence determination was 15. The Sponsor indicated that no adverse
reactions nor protocol violations were observed in this non-fasting study,
except some early or late blood draw times.

Mean plasma concentration-time profiles of all 15 subjects under fasting (test)
and non-fasting (test and reference) conditions are shown below:

Mean Plasma concentration, ng/ml

Ref (%CV, N=15)
(Fed)

0.0

23.6 (82.24%)
68.93 (74.92%)
148.59 (97.93%)
347.37 (81.54%)
506.7 (71.61%)
640.01 (72.96%)
768.60 (60.42%)
845.80 (50.47%)
985.13 (37.10%)
876.07 (29.47%)
685.93 (29.40%)
413.53 (39.95%)
265.87 (39.65%)
191.31 (41.03%)
154.29 (45.00%)
94.56 (41.17%)
27.79 (72.28%)
1.627 (387.30%)
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Means (N = 15) of important pharmacokinetic parameters are shown below:

Parameter Test (% CV) Test (%CV) Ref (% CV)
(Fast) (Fed) (Fed)

AUC,, 7136.83 (21.88%) 5992.38 (26.05%) 6266.08 (24.37%)
AUC,. 7528.05 (22.16%) 6302.95 (25.28%) 6569.65 (23.01%)
Crmex  1936.60 (21.58%) 1055.20 (24.40%) 1198.47 (25.07%)
Tmexth) 0.939 (32.6%) 2.0 (56.7%) 1.94 (58.8%)
Ty2(h) 6.16 (19.8%) 5.25 (18.6%) 5.21 (14.19%)

ANOVA was performed on all parameters and terms such as sequence,
sub(sequence), period and treatment were included in the statistical model.
From the ANOVA output, least squares means {log transformed data) of the
test and reference formulations were obtained and they were used for the
estimation of the ratios of test/reference for AUCt, AUCinf, and Cmax. For
the log transformed data, this ratio can be estimated as [100xe-SMest
tSMreterencel], with the least-squares mean (LSM) computed by using the
LSMEANS statement in the SAS GLM procedure.

Resuits indicated that, for log transformed parameters, the ratios of the test
and reference formulations under nonfasting conditions for AUCt (96.0%),
AUCinf (96.2%) and Cmax (90.5%), all are within the current acceptable ratio
limits of 80% to 125%.

V. Composition of the test tablets -
Core Tablet:
Ingredient Amount per tablet
Ketorolac Tromethamine, USP 10 mg
Lactose Monohydrate, NF

Microcrystalline Cellulose, NF
Magnesium Stearate, NF

Total

Coating:
White

VL. In Vitro Dissolution Testing

The conditions and specifications used by the firm are identical to the ones by the
USP as described below:




In Vitro Dissolution Testing

Drug: Ketorolac Tromethamine, Dose Strength: 10 mg, Tablet ;
ANDA No.: 74-754, Firm: Lemmon _ ‘
Submission Date: May 14, 1996
File Name: 74754SD.596 i

I. _Conditions for Dissolution Testing:

USP XXIil, Paddle: RPM: 50, 600 ml, water, No. Units Tested: 12
Specifications: NLT in 45 minutes

Reference Drug: TORADOL® 10 mg Tablets by SYNTEX.

Assay Methodology:

Il._Results of In Vitro Dissolution Testing:

Sampling Test Product Reference Product
Times (min) Lot # 293-117, Strength: 10 mg Lot # 2541, Strength: 10 mg.

Mean % Range %CV | Mean % Range %CV
15 89.6 13.5 93.5 8.2
30 97.3 7.4 98.1 4.9
45 99.0 5.5 100.3 - 3.6
60 99.7 4.4 101.3 3.0
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OFFICE OF GENERIC DRUGS
DIVISION OF BIOEQUIVALENCE

DRUG NAME: Ketorolac ANDA #: 74-754
SPONSOR: Lemmon
DOSAGE FORM: Tablet STRENGTH: 10 mg
IYPE OF STUDY: Single dose, fasting and single gose non-fasting.
STUDY SITE:

CLINICAL:

ANALYTICAL:

NOT- A —LST™ SENERUC

STUDY SUMMARY

Easting Study: This was a 2-way cross-over, fasting, in 26 subjects with no alternates.
All subjects completed the study. Minor adverse reactions such as emesis, diarrhea
and light headache occurred in 3 subjects, all on the reference formulation (#3, 10,
and 24). No therapy was required.
90% C.l. limits on LAUC, (92.3% - 102%), LAUC,,, {22.8% - 102%) and LC.._
(90.6% - 112%) are within acceptable ranges.

Non Fasting Study: This was a three way, singie dose food effect study in 18 subjects
with no alternates. Of 18 subjects enrolled in the study, subj #5 withdrew prior to
Period 3 due to family situation, #15 failed to show up for phase il dosing for
personal reasons. Total number of subjects completing the study was 16. After the
assay, the firm noticed that, for subject #9, there were problems with interference in
the Thus no valid data can be obtained from this subject. For this
nonfasting study, the number of subjects used in the statistical analysis was 15.
The ratios of LSQ means for LAUC, (96%), LAUC,, (96.2%) and LC,., (90.5%) are
within the acceptable limits.

DRissoluytion: -~ The test tablet meets the dissolution specifications as follows:
USP XXIlll, Paddle, 50 RPM
Medium: Water at 37°C, 600 mi.
Specification: NLT o in 45 minutes

EBMABLBEM[E\QLEB: _— Nhan L. Tran, Ph.D. BBANCH: 11
INITIAL: . DATE: - 7-3¢
IEAM LEADER: /' r Shrinivas Nerurkar, Ph.D. BBANCH: 1i
INITIAL: DATE: N-<7—-159¢

/ \ﬁh_/ k -
mmnmﬂQN_QﬂB.LQEQUDLALEN_C_E Keith K. Chan, Ph.D.
INITIAL: R DATE: _ IN7/56

/ ; " 3

DIRECTOR. QFFICE OF GENERIC DRUGS:
INITIAL: . /A DATE:




DY APPROVAL

FIRM: ' Lemmon

ANDA #: 74-754 FIRST GENERIC: NO
DRUG: Ketoroiac DOSAGE FORM: Tablet STRENGTH: 10mg
RLD: Toradol® FIRM: Syntex BIO REVIEWER: N. Tran
Therapeutic Category: NSAID Dosage Regimen: Varied

Solubility/Permeability:

EASTING STUDY:
Clinical Procedure:

Center:

# of Subjects Planned:
# dropped out:

# in data analysis:
Randomization:

Dose administration:
Blood sample:

Safety summary:

NON FASTING STUDY:

Clinical Procedure:

Center:

# of Subjects Planned:
# dropped out:

# of subject completed:
Subset analysis:
Randomization:

Dose administration;
Safety summary:

High solubility/high permeability (Dissoiution: NLT 75% in 45
minutes and Tmax is less than 1 hour.

Gateway Med. Res Principal Inv.: l. Plisco, MD
26 # of Subjects Required: 26

0 # of subject completed: 26

26 Subset anaiysis: No

Yes Demographic: All males, age
2x10mg between 18-45, wt: not more than +15%

No deviation was noted from ideal body weight.

Minor adverse events such as emesis, diarrhea and light headache were
reported during the study for 3 subjects who were on reference formuiation:

Subj #3, 10, and 24. The symptom was miid and no treatment was required.

Gateway Med. Re Principal inv.: I. Plisco, MD
18 # of Subjects Required: 18

2 Reasons: Failed to return .
16 # in data analysis: 15 (Samples from
N/A subject #9 were contaminated.

Yes Demographic: Same as in fasted study.
2x10mg Blood sample: No deviation noted

Faor this study, there was no adverse event reported by any subject.

ANALYTICAL PROCEDURE:

Center:
Analytical Method
Pre-study validation:

Stability validation:
Within study validation:
Standard curve:

Comments:

Bioassay, Houston, TX
HPLC
Accuracy:between 97.2%-102% for aill QC samples.
Precision: between 0.2%-2.5%, Sensitivity: 20 ng/ml
Stable for 87 days

Accuracy & precision comparable to pre-study data
20ng/mi-300ng/ml QC Samples: 50, 350, and 2500ng/ml
Acceptable

Principal Inv.: P. Likhari

EK/STATISTICAL ANALYSIS:

PK Calcutation Procedure:

Spot checked data:
Mean Plasma Profile:

Individual Plasma Profile:

Trapezoidal rule for AUCs, Cmax from raw data.
No discrepancies noted
OK

'nspected and found acceptable.




SUMMARY OF PK PARAMETERS:

EASTING STUDY:

Test Retference 20% C.I intra CV inter CV
AUC,, 6424 ng.mi/hr 6855 ng.mithr 92.3%-102% 23.85% 22%
AUC,. 6722 6943 93%-102% 2.02% 22%
Corex 1733 ng/mi 1713 ng/mi 91%-112% 20.1% 27%

Statistical Procedure: Appropriate for 2-way cross-over.
Comments: All parameters were within the acceptable 90% C.! limits .

NON FASTING STUDY:

Test., BReference, , Batio T/Figeol intra CVY inter CV
AUC,, 5992 ng.mithr 6266 ng.mithr  96.1% 11.8% 26%
AUC,. 6303 6597 96.2% 11.75% 25%
Coax 1055 ng/mt 1198 ng/mi 90.5% 23% 25%

Statistical Procedure: Appropriate for 3-way cross-over.

Comments: All parameters were within the acceptable ratio limits .

In-Vitro Dissolution:

USP XXIIl Method Il (Paddie), 600 mi water, 50 RPM
Specifications: NLT 75% in 45 mi.

Waiver Request: None.
Comparison to Past Generic Products: Parameters are comparable

Total CV
31.5%
31%

47.1%

37.8%

36.75%

48%




ilt. Review of the fasting study: Protocol # B-01085.

Objective: To compare the bioavailability of a generic ketorolac tromethamine 10 mg
tablets (Lemmon Company) with that of TORADOLR 10 mg tabiets by Syntex,
in healthy male volunteers under fasting conditions.

Principal Investigator: , Principal investigator
Clinical Study Site:

Analytical Site:

Dose: Two {2) tablets with 240 mi of water.

Number of subjects: Twenty six males (26), with NO ALTERNATES

Subject selection:
Inclusion Criteria: All maies, 18 - 45 years of age, no more than + 15% from
ideal BW, with no history of cardiac, Gl diseases and no alcohol or drug abuse
as shown by a medical and physical exams were included in the study.
Subjects should have no prescription drugs within 14 days, no alcohol
consumption for at least 24 hours prior to drug administration, and no known
allergy to ketorolac.

Exclusion criteria: included subjects with Gl, renal, hepatic diseases,
alcoholics, abnormal laboratory measurements, etc. No OTC medications nor
alcohol, xanthine containing beverages were aliowed during the study. 3
Approved IRB as well as informed consent were obtained from each subject
prior to entry into the study.

Subjects were housed in the _ facility from at least 12 hours prior to
and at least 24 hours after the drug administration. Subjects were not
permitted to smoke from one hour prior to and until 4 hours after the drug
administration. Washout period was at least one (1) week between dose.
Subjects were fasted for at least 10 hours prior to and 5 hours after the drug
administration. Water was given ad lib except within 1 hour of drug
administration.

Sampling schedule: 10 mi blood sample was coliected at pre-dose, and at 0.17,
0.25, 0.33, 0.5, 0.67, 0.83, 1, 1.25, 1.5, 2, 4, 6, 8, 10, 12, 15, 24, and 36
hours. Plasma was separated and frozen at -20¥C until assay.

Assay Methodology:




Pharmacokinetic and statistical analyses: AUC .t AUCq_,, and C ., were
calculated. ANOVA and 90% C.I. limits (two-one sided test) were used for all
important pharmacokinetic parameters.

RESULTS
1 Analytical Methodology




2. Pharmacokinetics

According to the Sponsor, all 26 subjects completed the study. Minor
adverse reactions such as emesis, diarrhea and light headache occurred in
only three subjects (subj # 3, 10 and 24) and all were on reference
formulation. No therapy was required. The Sponsor also indicated that no
significant deviation from the study protocol, except some late blood draw.
Mean plasma concentration-time profiles of all 26 subjects under test and
reference treatments are shown below:




Time (hr) Test (%CV, N=26) Ref (%CV, N=26)
0. 0.0 0.0

0.17 89.2 (143.6%) 118.1 (147.5%)
0.25 253.1 (108.2%) 396.1 (122.2%)
0.33 622.8 (83.4%) 878.4 (77.3%)
0.50 1402.6 (48.3%) 1489.1 (43.1%)
0.67 1460.2 (41.7%)

0.83 1383.3 (37.3%) 1368.6 (24.7%)

.25
.5

Mean Plasma concentration, ng/ml

1262.0 (37.1%)
1171.9 (28.3%)
1099.7 (26.2%)

1314.8 (24.4%)
1202.9 (24.8%)
1091.9 (22.1%)

947.9 (22.5%)
596.4 (31.5%)
334.9 (30.4%)

565.0 (26.1%)

343.2 (28.1%)

|
1441.3 (27.5%) }
1 w
; \
1
2 969.1 (15.9%)
4
6

8 226.3 (37.3%) 225.0 (30.4%)
10 177.6 (33.5%) 179.9 (48.7%)
12 126.7 (37.3%) 131.8 (47.3%)
15 73.9 (39.1%) 83.3 (45.5%)
24 24.8 (77.0%) 29.5 (60.1%)
36 0.0 0.0

Mean values of important pharmacokinetic parameters are shown below:

Parameter Test (%CV) Ref (% CV)

AUCo_t 6423.6 (21.1%) 6655.0 (22.1%)
AUC,_, 6722.4 (20.9%) 6943.5 (22.2%)
Cmax 1733.0 (26.6%) 1713.0 (26.7%)

ANOVA was performed on all parameters and terms such as sequence,
sub(sequence), period and treatment were included in the statistical model.
90% confident interval limits were estimated using two one-sided test
procedure. Results indicated that, for log transformed and untransformed
parameters, all parameters are within the current acceptable limits: AUCt
(92.3% - 102%), AUCinf (92.9% - 102%) and Cmax (90.6% - 112%).

IV. Review of the non-fasting study: Protocol # B-01095.

Objective: To compare the bioavailability of a generic ketorolac tromethamine 10 mg
tablets (Lemmon Company) with that of TORADOLR 10 mg tablets by Syntex,
in healthy male volunteers under fasting and fed conditions.

This will be a single dose, randomized, 3-way cross-over (test: fed and
fasting, and reference: fed) in 18 subjects.
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Principal Investigator:

Clinical Study Site:

Analytical Site:

Dose: Two (2) tablets with 240 mi of water. The lots of test and reference
products used in the comparative studies are identical to the ones used
in the fasting study as follows:

Test: LEMMON's ketorolac tromethamine tablets USP, 10 mg, lot # 0293-

117, lot (batch) size: No expiry date, nor information on
theoretical and actual yield were provided. Content uniformity:
99.2%.

Reference: SYNTEX's TORADOLR (ketorolac tromethamine) 10 mg tablets,
lot # 02541, expiry date: 2/96. Content uniformity: 98.7%.

Number of subjects: Eighteen males (18), with NO ALTERNATES The same
subject selection criteria was used for the fasting and non-fasting
studies.

Washout was one week between treatments.
Meal and food restriction:

Fed phase: Subjects will fast for at least 10 hours prior to serving the
standard breakfast. Subjects will be instructed to eat the entire
breakfast in 30 minutes and the drug will be given 35 minutes after
the subjects begin the breakfast. Breakfast composition is as follows:

1 buttered English muffin

1 fried egg

1 slice of American cheese

1 slice of Canadian bacon

1 serving of hash brown potatoes
180 ml of orange juice

240 ml of whole miik.

Fasting phase: Subjects will fast for at least 10 hours prior to and 5 hours
after drug administration.

Other procedures such as analytical, sampling schedule, are identical to the
fasting study (Protocol # B-01085).



RESULTS

1 Analytical Methodology

Since identical assay methodology was used for both fasting and non-fasting
studies, no further assay validation data was submitted. No further
information is needed on assay validation for this non-fasting study.

2. Pharmacokinetics

According to the Sponsor, of 18 subjects enrolled in the non-fasting study, 15
subjects completed the study. The firm reported the following drop-outs:
subject #5 dropped prior to period 3 due to family situation, and 15 dropped
prior to period 2 for personal reasons. The total number of subjects
completing the study was 16. After the assay, the firm noticed that no valid
data can be obtained from subject #9 due to problem with interferences in the
chromatograms. Thus total number of subjects whose data were used for
bioequivalence determination was 15. The Sponsor indicated that no adverse

reactions nor protocol violations were observed in this non-fasting study,
except some early or late blood draw times.

Mean plasma concentration-time profiles of all 15 subjects under fasting (test)

and non-fasting (test and reference) conditions are shown below:

WO GWN =
WNOWLIN

PPN =2=220000000
ON
(&)

Mean Plasma concentration, ng/ml

Test (%CV, N=15)
(Fasting)

0.0

83.85 (76.51%)
248.25 (55.41%)
615.67 (79.90%)
1236.93 (51.83%)
1493.4 (27.91%)
1581.67 (31.04%)
1575.87 (23.26%)
1399.47 (22.61%)
1388.0 (26.70%)
1046.6 (20.49%)
624.0 (25.38%)
369.0 (29.43%)
221.0 (24.49%)
169.66 (27.44%)
132.13 (27.62%)
95.43 (46.51%)
36.01 (61.39%)
0.0

Test (%CV, N=15)
(Fed)

0.0

19.01 (124.55%)
54.48 (85.45%)
100.59 (81.29%)
279.93 (86.72%)
423.86 (79.71%)
512.84 (66.83%)
649.55 (62.29%)
697.33 (50.98%)
816.73 (55.45%)
809.4 (33.32%)
661.73 (31.07%)
412.2 (36.18%)
265.09 (41.2%)
193.26 (43.54%)
153.62 (51.97%)
100.69 (53.30%)
27.93 (80.22%)
1.65 (387.30%)

Ref {%CV, N=15)
(Fed)

0.0

23.6 (82.24%)
68.93 (74.92%)
148.59 (97.93%)
347.37 (81.54%)
506.7 (71.61%)
640.01 (72.96%)
768.60 (60.42%)
845.80 (50.47%)
985.13 (37.10%)
876.07 (29.47%)
685.93 (29.40%)
413.53 (39.95%)
265.87 (39.65%)
191.31 (41.03%)
154.29 (45.00%)
94.56 (41.17%)
27.79 (72.28%)
1.627 (387.30%)
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Means (N = 15) of impoﬁant pharmacokinetic parameters are shown below:

Parameter Test (% CV) Test (% CV) Ref (% CV)

(Fast) (Fed) (Fed)
AUCO-t 7136.83 (21.88%) 5992.38 (26.05%) 6266.08 (24.37%)
AUCO_m 7528.05 (22.16%) 6302.95 (25.28%) 6569.65 (23.01%)
Cmax 1936.60 (21.58%) 1055.20 (24.40%) 1198.47 (25.07%)

ANOVA was performed on all parameters and terms such as sequence,
sub(sequence), period and treatment were included in the statistical model.
From the ANOVA output, least squares means (log transformed data) of the
test and reference formulations were obtained and they were used for the
estimation of the ratios of test/reference for AUCt, AUCinf, and Cmax. For
the log transformed data, this ratio can be estimated as [100xe(LSMtest-
LSMreterence); \vith the least-squares mean (LSM) computed by using the
LSMEANS statement in the SAS GLM procedure.

Results indicated that, for log transformed parameters, the ratios of the test
and reference formulations under nonfasting conditions for AUCt (96.0%),
AUCinf (96.2%) and Cmax (90.5%), all are within the current acceptable ratio
limits of 80% to 125%.

V. Composition of the test tablets

Core Tablet: .
Ingredient Amount per tablet
Ketorolac Tromethamine, USP 10 mg

Lactose Monohydrate, NF
Microcrystalline Cellulose, NF
Magnesium Stearate, NF

Total 200 mg
Coating:

White

VL. In Vitro Dissolution Testing

The conditions and specifications used by the firm are identical to the ones by the
USP as described below:




In Vitro Dissolution Testing

Drug: Ketoroiac Tromethamine, Dose Strength: 10 mg, Tablet
ANDA No.: 74-754, Firm: Lemmon

Submission Date: September 21, 1995

File Name: 74754SD.995

I. Conditions for Dissolution Testing:

USP XXll, Paddle: RPM: 50, 600 mi, water, No. Units Tested: 12
Specifications: NLT > in_45 minutes

Reference Drug: TORADOLR 10 mg Tablets by SYNTEX.

Assay Methodology:

Il. Results of in Vitro Dissclution Testing:

Sampling Test Product Reference Product
Times (min) Lot # 293-117, Strength: 10 mg Lot # 2541, Strength: 10 mag.

Mean % Range %CV | Mean % Range %CV
15 89.6 _ 13.5 93.5 8.2
30 97.3 7.4 98.1 4.9
45 99.0 5.5 100.3 3.6
60 99.7 4.4 101.3 3.0

VIil. Deficiencies

1. For the fasting and fed studies, the estimation of Kel (hence AUCinf) is not reliable for
the following subjects: For fasting study: subject 8 and 9 (test formulation) and subject 10
and 11 (reference formulation), and for the fed study: subject 4 and 6 (test formulation,
fasting leg) and subject 2 and 6 (test formulation, fed leg) due to the irregularity of the
terminal data points. Hence, it is suggested the firm should submit the following
information for consideration:

a. Use appropriate pharmacokinetic modei to fit the data of the above subjects, then
estimate Kel and AUCinf. Re-do ANOVA and appropriate statistical testings.

b. Delete those subjects in the fasting and fed studies and redo statistical analysis of
AUCinf for both studies.

Results of a) and b) should be submitted for comparative evaluation.




2. For the fed study, detail information on chromatographic interference on subject 9
should be provided. All chromatograms for this subject should be submitted for evaluation.

3. Data on photodecomposition of ketorolac should be provided. Comparative data on the
extent of the stability of the samples under normal conditions and light-protected conditions
should be provided. The extent of the photodecomposition of the samples by

4. Complete data with all calculations should be shown to substantiate the choice of using
1/Response as weighting factor vs. other weighting schemes, such as 1/(Response}“ or no
weight in the regression of the standard curves.

5. Product Information: Since no expiry date, nor information on theoretical and actual
yield were provided for the test formulation, the firm is requested to submit those
information for review.

VIl. Recommendations

1. The bioequivalence studies conducted by Lemmon Company on its ketorolac
tromethamine 10 mg tablets, Lot # 293-117, comparing it to Syntex's TORADOLR Lot #
2541, 10 mg tablets, has been found incomplete by the Division of Bioequivalence due to
Deficiencies 1 - 5 above.

2. The dissolution data submitted by the firm is acknowledged.

Nhan L. Tran, Ph.D.
Division of Bioequivalence
Review Branch Il
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I. BACKGROUND
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Lemmon Pharmaceuticais
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Submission date:

May 14, 1996.

REVIEW OF A SUPPLEMENT

Ketorolac tromethamine is a chiral (R and S forms) non-steroidal anti-inflammatory
drug (NSAID) with anti-inflammatory, antipyretic and analgesic activities. Only the S
form is reported to have analgesic activity. Ketorolac tromethamine is more than
99% protein bound, mostly bound to albumin.

When given orally, the bioavailability is at least 80% and the drug does not undergo
first pass metabolism. Mean plasma Cmax is about 0.87 mcg/ml after single dose of
10 mg, with a Tmax of about 40 minutes. Plasma terminal half-life is about 5 to 6
hrs for the racemate. Ketorolac is mostly metabolized in the liver, and metabolic
products are largely hydroxylated and conjugated forms of the parent drug.

Oral administration of ketorolac after a high fat meal results in lowering Cmax and
prolonging Tmax by about 1 hour. The extent of absorption measured by AUC, and
the half-life (T1/2) are not affected.

The drug is presently marketed by Syntex under the trade name TORADOL®, 10 mg
tablets, and also is available in injectabie dosage forms (15 mg, 30 mg and 60 mg for
IM injection and 15 mg and 30 mg for 1V Bolus injection). i

The Sponsor submitted two biostudies (fasting and fed) on September 21, 1995.
The studies were reviewed by the Agency on March 6, 1996 and it was found that
the studies were deficient. In this supplement, the firm is responding to the
deficiencies cited by the Agency in the review of March 1996.

SUMMARY OF THE STUDIES

Fasting study: Protocol # B-01085.

The objective of the study was to compare the bioavailability of a generic ketorolac
tromethamine 10 mg tablets (Lemmon Company) with that of TORADOL® 10 mg
tablets by Syntex, in healthy male voiunteers under fasting conditions. The study
was conducted at for Lemmon
Company, with The analytical site was

The dose was
two (2) tablets and the number of subjects was 26 males with NO ALTERNATES.




The subjects were housed in the _ facility from at least 12 hours prior to and
at least 24 hours after the drug administration. Subjects were not permitted to
smoke from one hour prior to and until 4 hours after the drug administration.
Washout period was at least one (1) week between dose. Subjects were fasted for
at least 10 hours prior to and 5 hours after the drug administration. Water was
given ad lib except within 1 hour of drug administration.

A ten (10) ml blood sample was collected at pre-dose, and at 0.17, 0.25, 0.33, 0.5, -
0.67, 0.83, 1, 1.25, 1.5, 2, 4,6, 8, 10, 12, 15, 24, and 36 hours. Plasma was
separated and frozen at -20°C until assay.

Pharmacokinetic and statistical analyses: AUC,,, AUC,., and C,,, were
calculated. ANOVA and 90% C.l. limits (two-one sided test) were used for all
important pharmacokinetic parameters.

Non-fasting study: Protocol # B-01095.

The objective was to compare the bioavailability of a generic ketorolac tromethamine
10 mg tablets (Lemmon Company) with that of TORADOL® 10 mg tablets by Syntex,
in healthy male volunteers under fasting and fed conditions.
This was a single dose, randomized, 3-way cross-over (test: fed and fasting, and
reference: fed) in 18 subjects. The procedures, sites of clinical and analytical studies
for this study, etc. were identical to the fasting study. The dose: Two (2) tablets,
and the iots of test and reference products used in the comparative studies are
identical to the ones used in the fasting study. Washout was one week between
treatments.
Meal and food restriction:
Fed phase: Subjects were fasted for at least 10 hours prior to serving the
standard breakfast. Subjects were instructed to eat the entire breakfast in 30
minutes and the drug was given 35 minutes after the subjects began the
breakfast. Breakfast composition was as follows:
1 buttered English muffin
1 fried egg
1 slice of American cheese
1 slice of Canadian bacon
1 serving of hash brown potatoes
180 ml of orange juice
240 ml of whole milk.
Fasting phase: Subjects were fast for at least 10 hours prior to and 5 hours
after drug administration.
Other procedures such as analytical, sampling schedule, were identical to the fasting
study (Protocol # B-01085).




lll. REVIEW OF THE RESPONSES

Deficiency 1: For the fasting and fed studies, the estimation of Kel (hence AUCinf) is
not reliable for the following subjects: For fasting study: subject 8 and 9 (test
formulation) and subject 10 and 11 (reference formuiation), and for the fed study:
subject 4 and 6 (test formulation, fasting leg) and subject 2 and 6 (test formulation,
fed leg) due to the irregularity of the terminal data points. Hence, it is suggested the
firm should submit the following information for consideration:

a. Use appropriate pharmacokinetic model to fit the data of the above subjects, then
estimate Kel and AUCinf. Re-do ANOVA and appropriate statistical testings.

b. Delete those subjects in the fasting and fed studies and redo statistical analysis of
AUCinf for both studies.

Results of a) and b) should be submitted for comparative evaluation.

Firm’s response: The statistical analysis of AUCinf was re-run without the subjects
with irregularities of the terminal data points. The 80% C.I. limits (log transformed)
on AUCinf for the fasting study were 92.3% - 103%, while the ratio of the
geometric means of the AUCinf for the fed study was 97.6%.

The firm’s response is acceptabie.

Deficiency 2: For the fed study, detail information on chromatographic interference
on subject 9 should be provided. All chromatograms for this subject should be
submitted for evaluation.

Therefore, we concur with the Sponsor that this
subject should not be used for bioequivalent determination.
The response is acceptable.

Deficiency 3: Data on photodecomposition of ketorolac should be provided.
Comparative data on the extent of the stability of the samples under normal
conditions and light-protected conditions should be provided. The extent of the
photodecompasition of the samples

Firm’s response: The firm provided stability information as follows: For 24 hours at
room temperature before extraction under normal conditions, the percent change




was -4.4, -4.9 and -5.4 for high (2500 ng/ml}, medium (350 ng/ml) and low (50
ng/mti) concentrations respectively. Under light protected conditions, for 24 hours at
room temperature before extraction, the percent change was comparable to the one
under normal conditions, i.e., -3.5, -4.3, and -5 for high, medium and low
concentrations. The stability of ketorolac in was demonstrated
after 5 and 10 minutes exposure.

The response is acceptable.

Deficiency 4: Complete data with all calculations should be shown to substantiate
the choice of using 1/Response as weighting factor vs. other weighting schemes,
such as 1/(Response)? or no weight in the regression of the standard curves.

Firm’s response: Based on the data submitted using different weighting factors such
as 1/C, 1/C? and unweighted linear regression, the contract laboratory

uses 1/C as the weighting factor for the regression of the standard curves.

The response is acceptable.

Deficiency 5: Product Information: Since no expiry date, nor information on
theoretical and actual yield were provided for the test formulation, the firm is
requested to submit those information for review.

Firm’s response: Theoretical yield was ablets and actual yield was
tablets. Ratio of actual/theoretical was . The response is acceptable.

IV. .RECOMMENDATIONS

1. The fasted and nonfasted bioequivalence studies conducted by Lemmon 3 N
Company on its ketorolac tromethamine 10 mg tablet, Lot # 293-117, comparing it
to Syntex's TORADOL® 10 mg tablet, Lot # 2541, has been found acceptable to the
Division of Bioequivalence. The studies demonstrate that Lemmon’s ketorolac
tromethamine 10 mg tablets are bioequivalent to the reference product,.Syntex's
TORADOL"® 10 mg tablets.

2. The dissolution testing conducted by Lemmon Company on its ketorolac
tromethamine 10 mg tablet, Lot # 293-117, is acceptable.

3. The dissolution testing should be incorporated into the firm's manufacturing
controls and stability program. The dissolution testing should be conducted in 600
ml of water at 37°C using USP XXIll Apparatus Il (Paddle) at 50 rpm. The test
product should meet the USP specifications:

Not less than of the labeled amount of the drug
in the dosage form is dissolved in 45 minutes.

From the bicequivalence point of view, the firm has met the in-vivo bioequivalence
and {p-vitro dissolution requirements and the application for Lemmon’s ketorolac
tromethamine 10 mg tablets, ANDA 74-754 is acceptable.




